Serum steroid profiles were investigated in order to evaluate the potential use of circulating sex steroid levels as a tool for sex identification in brown trout. Changes in the serum concentrations of testosterone (T), progesterone (P), 17-β-estradiol (E2), and cortisol (F) in wild and farmed mature female and male brown trout, Salmo trutta L., were measured in each season (January, May, July, and October) in six rivers and four hatcheries located in the north-west of Spain. Serum cortisol levels in farmed brown trout were significantly higher and showed a seasonal pattern opposite to that found in wild trout. Because levels of the hormones under study can be affected by disruptive factors such as exposure to phytoestrogens (which alters the hypothalamic-pituitary-gonadal axis) and infection with Saprolegnia parasitica (which alters the hypothalamic-pituitary-adrenal axis), both factors are taken into account.
INTRODUCTION
Brown trout, Salmo trutta L., is a species with a growth rate that does not make it competitive in the field of commercial salmonid culture. In the field of sport fishing, however, the brown trout is highly regarded internationally (Elliott ).
In Spain, as in other countries, there are numerous hatcheries engaged in periodically releasing stock of this species into various watercourses. In order to manage their reproduction correctly, it is essential to know the endocrine status of the However, individual levels can vary under the influence of body size, nutritional condition, gonadal maturity, and certain environmental conditions (Onuma et al. ) . A further feature of the understanding of salmonid endocrinology is that the information available on hormone status in wild fish is limited. This is of particular concern, because hormone levels may be affected by growing conditions that expose fish to a variety of stressors, including adverse water quality, hypoxia, handling, and overcrowding (Pickering et al. ; Kubokawa et al. ) .
MATERIALS AND METHODS

Fish and samples
The study was conducted in four provinces of the Castile Brown trout, both healthy and, when possible, infected with S. parasitica were collected in January, May, July, and
October. In the region where the study was conducted, brown trout spawn between November and January. Wild brown trout were captured by electro-fishing at different sampling points on the rivers mentioned above. Only fish 300 to 500 g in weight and 22 to 24 cm in length were considered. In the hatcheries, blood samples were taken from male and female broodfish, kept separately in different raceways situated in the open air. These fish were between 3 and 5 years old (512 ± 236 g in weight and 35.3 ± 5.8 cm in length). The water temperature varied over the seasons from 4 to 16 W C at the different sampling points on the rivers and from 7 to 14 W C in the hatcheries. In total, 192 blood samples were investigated (107 from wild brown trout and 85 from broodfish), of which 36 were from fish infected with S. parasitica. Details of the distribution of samples are shown in 
Statistics
Values were presented as the mean ± the standard deviation, the number of samples being given in brackets. 
RESULTS
Serum concentrations of the four steroids varied greatly between individuals. This meant that in several cases the differences found in relation to sex, season, origin, and health status were not statistically significant, because of the wide dispersion of the data. The data from fish showing S. parasitica infection were removed from the main data sets and treated separately.
The serum profiles for sex steroids in both sexes showed seasonal variations ( Figure 1 ). In females, P and E2 concentrations showed their lowest values in January and May and increased in July and October; in contrast, T levels decreased from January to July, followed by a rapid rise reaching a peak value in October. In males, both P and E2
concentrations were low and similar in all four seasons, but T levels showed the same patterns as in females, except for a small rise observed in May (Figure 1 ). Seasonal Free from saprolegniosis (156) Wild (99) Female (53) Leon (82) Esla (7) January (15) Male (45) Burgos (8) Omaña (18) May (55) Unrecorded (1) Palencia (9) Órbigo (27) July (19) Porma (30) October (10) Arlanzón (8) Carrión (9) Farmed (57) Female (20) Leon (32) Vegas del Condado (32) January (12) Male (37) Burgos (6) Quintanar (6) May (35) Palencia (9) El Soto (9) July (5) Soria (10) Ucero (10) October (5) Infected with S. parasitica (36) Wild (8) Female (4) Leon (8) Esla (3) January (7) Male (4) Porma (5) July (1) Farmed (28) Male (28) Leon (28) Vegas del Condado (28) January (28) differences were statistically significant for T in females (p ¼ May than in the other seasons (Figure 1 ). Males showed equal concentrations of F in January, May, and October but lower levels lower in July. No significant differences in F levels between females and males were observed, although females showed higher levels than males in May and July, but lower in January and October.
Although similar seasonal differences in sex steroid profiles were found between wild and farmed fish, these differences were significant only for E2 in January and May (Table 2) .
However, serum F levels were significantly (p ¼ 0.006) higher in farmed brown trout (120.8 ± 75.9 ng mL
À1
, 57) as compared to wild trout (82.4 ± 86.6 ng mL
, 99) and showed opposite seasonal patterns (Figure 2 ). In farmed fish, the highest concentrations were observed in October, the lowest in May, whereas in wild fish the highest levels were recorded in May and the lowest in October. The differences observed between wild and farmed fish were statistically significant in all seasons with the exception of May, when wild fish showed significantly (p < 0.001) higher F levels than in the other seasons.
With regard to saprolegniosis, trout infected with S.
parasitica showed lower levels of sex steroids (T, P, and E2), but higher levels of F, than uninfected trout. However, the differences were statistically significant only for T (p ¼ 0.02) and for P (p ¼ 0.04) ( Table 3 ). (Table 4) .
Although concentrations of E2, T, and P fluctuated widely between individual fish, the three steroids taken together might be usable as a tool for sex identification in brown trout. Females showed levels of E2 greater than 0.078 ng mL À1 , of T less than 1.92 ng mL À1 , and of P greater than 0.14 ng mL
. In cases of doubt, the determination with the greatest descriptive value was T, followed by P and E2. When these sex steroid levels were considered, a good correlation (kappa value ¼0.88) was obtained between the hormonal sex assigned and gonadal sex. All the females were correctly identified (31 out of 31) but seven gonadal males (out of 92) were classed as females on the basis of their sex hormone concentrations.
Finally, with regard to the principal components and factor analysis, we found that KMO (Kaiser-Meyer-Olkin) was around 0.6. We also found that 53% of the variance can be explained by one factor, 77% by two factors, and In the present study, the serum profiles for sex steroids in both sexes showed seasonal variations that tracked the natural reproductive cycle. In females, E2 and P concentrations showed their lowest values in January and May and increased in July and October, but T levels decreased Rivers of Leon province (presumably contaminated) 1.31 ± 1.16 (9) 0.09 ± 0.03 (9) 0.082 ± 0.062 (9) 110 ± 78 (9) Rivers of Palencia province (not contaminated) 1.59 ± 0.94 (9) 0.17 ± 0.09 (9) 0.027 ± 0.021 (9) 92 ± 79 (10) Rivers of Burgos province (not contaminated) 1.65 ± 1.16 (9) 0.10 ± 0.03 (8) 0.020 ± 0.062 (8) 98 ± 62 (10) Data are shown as the mean ± the standard deviation, the number of samples being given in brackets. Only data for males sampled in May are included. from January to July, followed by a rapid rise, reaching their peak value in October. Levels of E2 and P were consistent with the general pattern described in salmonids, in which functional significance is given to the regulatory role of E2 during the vitellogenesis process and of P during final maturation and ovulation (Fostier et al. ) . In almost all teleost fish species studied so far, T has been detected in the plasma of females during the reproductive season. Although the precise role of this steroid in females still remains unclear, it has been suggested that high T concentrations may have a vitellogenic action on the liver and may also be involved in final in farmed female brown trout than in wild females, but levels of 17α,20β-dihydroxy-4-pregnen-3-one were higher in the wild trout. They concluded that these differences between wild and farmed females might be due to differences in stress susceptibility, to environmental conditions, to nutritional status, or to genetic divergences between the strains. In the present study, the overall patterns of sex steroids were similar in both wild and farmed brown trout and their differences possibly were caused by difference in maturation (ovulation and spermiation) period. For example, plasma T levels of wild females peaked in October while the peak levels of hatchery females appeared in January (Table 2 ). This suggests the possibility that there was a difference in maturation period between wild and hatchery fish. With respect to the significantly higher serum F levels found in farmed brown trout than in wild fish (Figure 2) , it might be expected that wild brown trout would be more stressed than farmed trout, owing to the acute stress caused by capture, confinement, and bleeding. Under aquaculture conditions, fish may be exposed to a range of stressors, including handling and overcrowding, that can cause a long-term rise in F, which may explain the higher levels found in the farmed brown trout.
In contrast to the differences between wild and farmed brown trout, no significant differences were found in F levels between males and females. Kubokawa et al. () studied the effect of acute stress on plasma F, sex steroid hormones, and glucose levels in male and female sockeye salmon (O. nerka) during the breeding season, finding different levels of F in females and males (higher in females), both under natural conditions and as a response to acute artificial stress caused by their confinement. These authors also showed that the rise in F levels caused a decrease in circulating androgens and confirmed the results previously obtained by Pickering et al. () , who found that both acute stress (capture, netting, and confinement for one hour) and chronic stress (confinement for one month in small aquaria) caused a significant rise in plasma F, but lowered the levels of plasma T and 11-ketotestosterone in sexually mature male brown trout.
The levels of F found in the present study suggest that in same cases the fish were stressed at the time of sampling and this fact might be a factor in the low levels of gonadal steroids reported.
The findings reported here of higher levels of F in brown In connection to a presumable modification of the estrogenic activity in trout due to water contamination by phytoestrogens, our results are in agreement with the aforementioned predictions (Milligan et al. ) , which suggest that 8-prenylnaringenin from hop cultures (Table 4) 
CONCLUSION
Changes in the serum concentrations of testosterone, progesterone, 17-β-estradiol, and cortisol in wild and farmed mature female and male brown trout, Salmo trutta L., were measured in each season in several rivers and hatcheries located in the north-west of Spain. Serum profiles for sex steroids in both sexes showed seasonal variations that tracked the natural reproductive cycle, similar to those described for other salmonids, but with lower concentrations than those previously reported. The overall patterns were similar in both wild and farmed brown trout, except for serum cortisol levels, which were significantly higher in farmed brown trout and in those individuals infected with S. parasitica. No significant differences were found in cortisol levels between males and females. In connection to a presumable modification of the estrogenic activity in trout due to water contamination by phytoestrogens, our results suggest that, although faint, an endocrine impact can be presumed.
